Abstract: The purpose of this study was to determine the usefulness of salivary biochemical markers for the screening of periodontal disease and examine the agreement between the results of saliva enzyme tests and those of probing depth. The present study included a total of 187 subjects who underwent annual medical check-ups at the Comprehensive Health Care Center, Honjo, Saitama Prefecture, Japan. Periodontal pocket probing was performed with a WHO probe, and various enzymes and biochemical parameters in saliva were measured. For lactate dehydrogenase (LDH), the proportions of the five isoenzymes were calculated. To decide the cut-off point for each enzymatic activity, receiver operating characteristic curves (ROC curves) were constructed and the points of minimum difference between sensitivity and specificity were decided. Among the biochemical markers tested, salivary LDH level had the highest sensitivity and specificity (sensitivity 0.66, specificity 0.67), while salivary levels of aspartate aminotransferase (AST) and blood urea nitrogen (BUN) also had sensitivity and specificity above 0.60. Among the LDH isoenzymes, LDH4 and LDH5 dominated in whole saliva samples. Salivary LDH may be a feasible and useful parameter for the screening of periodontal disease, while salivary AST and BUN also appear to be potentially useful for this purpose. (J. Oral Sci. 48, [177][178][179][180][181][182][183] 2006) 
Introduction
Periodontal diseases are commonly diagnosed on the basis of clinical parameters such as periodontal pocket probing depth, clinical attachment level, bleeding of pockets, and bone absorption determined by radiography. Among them, pocket probing methods such as the community periodontal index (CPI), in which representative teeth are examined, are often used for the screening of periodontal disease (1, 2) . The CPI was developed as an initiative of the World Health Organization (WHO), and has been reported to be a practical method for routine screening and recording of periodontal disease indicators that were not previously available (3) . The advantages of this method are its simplicity and uniformity. The dental associations of several countries such as Japan, the United Kingdom, Australia and Finland have recommended its use in dental practice, health services and epidemiology.
Even though the simple CPI is very useful and rational, and Kyuichi Kamoi 2, 6) it has some shortcomings. Although CPI was developed for use in the community, only a limited number of qualified examiners are competent at performing this test. It is preferable if screening can be performed easily by nonexpert examiners. Furthermore, when screening for periodontal disease in a large number of subjects, considerable time and effort are needed to evaluate the attachment level and probing depth of one index tooth in each of the sextants for each individual. Consequently, it is impossible to screen many persons in one day. Considering the costeffectiveness of screening for periodontal disease, the fee of the dentist would increase the total expense because the test must be carried out by a trained dentist. In addition, the results of probing do not indicate whether periodontal disease has been arrested or is still active because pocket depth is not an index of disease activity.
In general medicine, many systemic diseases can be screened by blood or urine tests. If these clinical diagnostic tests could be applied to the screening of periodontal disease, the problems described above could be overcome (4) (5) (6) (7) (8) (9) . Some reported studies have demonstrated a correlation between blood test parameters and periodontal status. Among them, serum C-reactive protein (CRP) appears to show such a correlation, patients with periodontal disease having high levels of serum CRP (4-6). However, serum CRP is not specifically increased due to periodontal disease, but is increased due to inflammatory conditions caused by many other systemic diseases. Therefore, if CRP is used for screening of periodontal disease, there is the risk of a crossover effect against a background of systemic disease. Thus, there are no known blood parameters that exhibit high levels specifically as a result of periodontal disease.
Gingival crevicular fluid (GCF) may be a potential candidate clinical sample for the screening of periodontal disease. A specific relationship between periodontal disease and parameters related to gingival crevicular fluid has been reported (10) (11) (12) . However, there are many potential sampling sites in the oral cavity, and differences in results among sampling sites must be considered (10) . In addition, the sampling technique is not easy and a long time is needed for sample collection. Thus, GCF is not suitable for mass screening.
In the present study, we investigated candidate biochemical markers in saliva samples for the screening of periodontal disease. Saliva contains many enzymes and some inflammatory markers (13) (14) (15) . These enzymes in serum have been routinely examined for the screening of systemic disease. Therefore, no specific laboratory devices are necessary, and this approach may be suitable for public health use. Therefore, we tried to apply these conventional clinical laboratory tests to saliva samples, and examined the feasibility and reliability of these methods for the screening of periodontal disease.
Materials and Methods

Study population
Subjects working at the municipal office of Honjo City, Saitama Prefecture, Japan, who underwent annual medical check-ups at Honjo Comprehensive Health Care Center were enrolled in the study. The study population comprised 137 males and 50 females with a mean age of 37.2 ± 9.6 (range; 21-60) years. The mean number of remaining teeth in each subject was 27.5 ± 1.06 (range; 21-32). Smoking status was investigated by interview. Among the subjects, 46 (24.6%) were current smokers, 41 (21.9%) were previous smokers, and 100 (53.5%) had never smoked. Eighteen (9.6%) of the subjects had systemic diseases; however, diseases that affect periodontal conditions, such as diabetes, were not included. Therefore, all these subjects were included in the analysis.
Clinical examination, diagnosis, and saliva sampling
Before the clinical examination, a 5-min stimulated saliva sample was collected by chewing a gum base containing no fragrant or taste ingredients. Six dentists conducted periodontal pocket probing on all the subjects using disposable WHO probes. Before the examination, all the participating dentists were obliged to attend a training course in probing depth determination. The kappa value for probing depth was between 0.67 and 0.80. The diagnostic criteria used in this study were as follows: Gingivitis was diagnosed when bleeding was observed after periodontal pocket probing; moderate periodontitis was diagnosed when at least one probing depth was 4-5 mm; and severe periodontitis was diagnosed when at least one probing depth was 6 mm or more.
Before sampling, informed written consent was obtained from every subject for analysis of the saliva samples. This study was approved by the ethics committee of Nippon Dental College. Saliva samples were immediately transferred to a refrigerated container at 4˚C and then transported to the laboratory. The following measurements were carried out on the same day.
Measurement of salivary enzymes
In the present study, the salivary levels of 8 related enzymes or biochemical parameters; aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), creatinine (CRE), blood urea nitrogen (BUN), urea (UA) and free hemoglobin (f-Hb) were measured using commercially available kits developed for routine blood tests.
The kits used in this study were AST (Apia auto S AST; Daiichi Chemical Co. Ltd., Tokyo Japan), ALT (Apia auto S ALT; Daiichi Chemical), LDH (L type Wako LDH J; Wako Chemical Industry, Osaka, Japan), ALP (L type Wako ALP J; Wako Chemical Industry), CRE (Shika liquid -S CRE; Kanto Chemical, Tokyo, Japan), BUN (L type Wako UN; Wako Chemical Industry), and UA (Apia auto S AST; Daiichi Chemical).
Free-Hb was measured by colorimetric analysis. Briefly, 20 µl of the sample and 1 ml of ortho-toluidine were mixed and incubated for 2 min. Then 1 ml of H 2 O 2 was added, followed by incubation for 12 min. Finally, 1 ml of 10% acetic acid was added and the f-HB concentration was measured by colorimetry.
In addition, Titan LDH isoenzyme kits (Helena Laboratories, Saitama, Japan) were used for measuring LDH isoenzymes 1 to 5 and the H or M subunit. Briefly, 25 µl of the sample was electrophoresed on cellulose acetate membrane at 150 V for 13 min in Tris-barbital buffer. Then the membrane was stained with 480 nmol/L DL lactic lithium, 20 nmol/L NAD, 24 KU/L diaphorase, 2.4 nmol/L NTB and 8 nmol/L MTT. The stained bands were quantified using a densitometer. The proportion of each isoenzyme (LDH1-5, H subunit, M subunit) was then calculated.
Statistical analysis
To compare the enzymatic activities among subjects without periodontal disease, subjects with gingivitis and subjects with periodontal disease, one-way analysis of variance (ANOVA) was used. To determine the significance of differences among groups, the P values were adjusted by the Bonferroni method for multiple comparisons.
To set the cut-off points for the biochemical markers, receiver operating characteristic curves (ROC curves) were constructed and the points showing minimum difference between sensitivity and specificity were decided for gingivitis or periodontitis. The chi-squared test was carried out to confirm the statistical significance, and positive or negative predictive values were calculated for the biochemical markers. These analyses were conducted using SPSS ver. 14.0 (SPSS, Tokyo, Japan).
Results
We first compared the salivary levels of the biochemical markers among the gingivitis, moderate periodontitis, severe periodontitis and no periodontal disease groups. As shown in Table 1 , AST, LDH, ALP, BUN and f-Hb showed statistically significant differences among the four groups by one-way ANOVA. However, the levels differed only slightly between gingivitis and moderate periodontitis. To confirm the differences described above, P values were adjusted by the Bonferroni multiple comparison post-hoc test. After adjustment, the differences remained significant for LDH (control vs. severe periodontitis; P < 0.01, moderate periodontitis vs. severe periodontitis; P = 0.01) and for f-Hb (severe periodontitis vs. control; P < 0.01, severe periodontitis vs. gingivitis; P = 0.05, severe periodontitis vs. moderate periodontitis: P < 0.01). When the salivary levels of these enzymes were compared according to smoking status, no statistically significant differences were observed (data not shown).
Among the LDH isoenzymes, LDH4 and LDH5 were dominant. As shown in Table 1 , even though the differences between the groups were not statistically significant for all the isoenzymes, dose response tendencies were observed for LDH2 and LDH5 according to the severity of periodontal disease. Figures 1 and 2 show the ROC curves of various biochemical markers and LDH isoenzymes. From each ROC curve, the point of minimum difference between the sensitivity and specificity was decided as the cut-off point. Tables 2 and 3 show the cut-off points, sensitivity and specificity for the biochemical markers tested and LDH isoenzymes, respectively. As shown in Table 2 , LDH had the highest sensitivity (0.66) and specificity (0.67) among the biochemical parameters tested, while AST and BUN had sensitivity and specificity above 0.60.
As seen in Table 3 , LDH2 and LDH5 showed statistically significant differences between healthy subjects and subjects with periodontal disease. LDH2 had sensitivity of 0.71 and specificity of 0.51. For LDH5, both sensitivity and specificity were less than 0.5. This means that evaluation using lower levels of LDH had sensitivity of 0.62 and specificity of 0.56.
Discussion
Body fluids have been used for the screening of systemic diseases and periodontitis. Some studies have demonstrated the usefulness of GCF (10) (11) (12) and saliva for the diagnosis of periodontitis (13) . Although a lot of evidence has accumulated for the use of GCF for diagnosis of periodontitis, this approach has a demerit in that a special technique is necessary for sampling. In addition, it is difficult to obtain GCF from all sites of the dentition. Smith et al. (10) have shown that GCF volume and enzyme activities differed among 6 sites sampled. Thus, it is difficult to present values representative of a subject's oral cavity or even of one tooth. Thus, GCF may be acceptable for clinical use but not for epidemiological purposes, and especially not for mass screening. In contrast, whole saliva sampling is far easier, noninvasive, and cheaper than GCF collection. Furthermore, collection of saliva is less costly and time-consuming because the dental examiner needs only to instruct the subject to chew a piece of gum or wax.
In the present study, salivary LDH was found to be the most useful enzyme for the screening of periodontitis. LDH is a ubiquitous enzyme that plays a significant role in the clinical diagnosis of pathologic processes. Some studies have compared the LDH levels in GCF between subjects with periodontal pockets and those with healthy pockets (10) (11) (12) . Smith et al. (11) have shown that LDH activity is higher in subjects with increased probing depth (PD) than in individuals with healthy PD. Furthermore Atici et al. (12) have shown that the progression of periodontal disease may be associated with the level of LDH in GCF.
Nagler et al. (15) measured the LDH levels in parotid and submandibular/sublingual salivary secretions as well as in whole saliva, and concluded that 75% of wholesaliva LDH originated from an extra-salivary gland source. Other sources of LDH in saliva could include serum or bacteria (16) . In the present study, we used samples of whole saliva, which has highly complex components. By chewing the gum base, inflamed periodontal tissue may be damaged, creating a mixture of blood or exudates in the saliva. The subjects who participated in this study were healthy, and we did not investigate their serum enzyme levels. Thus, the possibility that subjects with high enzyme levels in their serum were included, and that this affected the results, could not be excluded. Further study is needed to confirm the origin of the enzymes, and to determine whether subjects without periodontal disease and high levels of enzymes in Table 1 Comparison of salivary levels of various biochemical markers between subjects without periodontal disease, subjects with gingivitis, subjects with moderate periodontitis and subjects with severe periodontitis their serum show normal levels of the enzymes in saliva. Most tissues contain five LDH isoenzymes that, while catalyzing the same reaction, have multiple molecular forms. The isoenzymes are composed of two different types of subunits, called M and H, which combine randomly to form tetrameric structures. Thus there are five component Table 2 Cut-off point, sensitivity and specificity of various biochemical markers in saliva isoenzymes as a result of the five different combinations produced by the subunits (for example, LDH1 has four H subunits, and LDH5 has four M subunits). It is well known that the distribution of the five isoenzymes differs according to tissue type (17) . All five LDH isoenzymes have been detected in human saliva. In this study, LDH4 and LDH5 were dominant in samples of whole saliva, consistent with previous studies of LDH levels in whole saliva (15) . Huang et al. (18) have reported that LDH4 and LDH5 are produced predominantly by gingival fibroblasts. Thus, further study is needed to determine the origin of LDH in whole saliva. In this study, the sensitivity and specificity of LDH for screening periodontitis as diagnosed by probing depth were greater than 0.65. Values above 0.65 are acceptable considering the fact that probing depth does not directly reflect the activity of periodontal disease. These results indicate that determination of salivary LDH level is useful for the screening of periodontal disease.
For the other biochemical markers tested, the sensitivity and specificity of AST and BUN were both above 0.60, and therefore these parameters seem to be potentially useful for the screening of periodontitis. A correlation between AST and the progression of periodontal disease has been reported (12) . The present study suggests that salivary AST may also be a candidate for the screening of periodontitis (sensitivity 0.63, specificity 0.65), possibly due to the fact that salivary AST may reflect tissue necrosis.
In conclusion, screening of periodontal disease by measuring salivary levels of LDH, AST and BUN may be a feasible, simple and convenient approach that does not require expert examiners. Further study is warranted to confirm the reliability of these parameters for the screening of periodontal diseases.
